Nowadays, the energetic efficiency becomes one of the major interests of the global society. Thus, the energetic challenges of the new century enforce the scientific and industrial environment to the development of new efficient materials, which present more than the classical thermal properties, according to the energy storage, energy consumption and other specific needs. In this context, the present work constitutes the third step of the development of a new kind of composite materials (microcomposites and nano-composites), using natural marl (clay) clay and biodegradable polymer, which is the PolyEthylene Glycol 6000 (PEG 6000). This step corresponds to characterization of the variation of the specific heat (denoted Cp) of the materials elaborated. So, in order to estimate the capacity of thermal energy adsorption, we utilized a SHIMATZU-DSC 60 Differential Scanning Calorimeter. The main results present the evolution of the Cp according to the PEG 6000 doping and also the specific melting enthalpy of the polymer within the natural clay matrix; by the way this enthalpy constitutes the specific heat stocked in the materials.
Introduction
the development of a new generation of construction materials. Several works essay to characterize the PCMs itself as the paraffin wax [1] - [3] , the mixture of several materials [4] , macro-incorporated into bricks or other construction materials [2] [5] [6] or micro-encapsulated within metallic shapes in order to stabilize the PCMs [7] .
The role of the encapsulation of the PCMs into construction materials permits an intelligent storage of energy within the bricks and the walls. The energy source could be natural as solar radiation or artificial as industrial furnace, etc. The energy is so stocked as a latent heat according to the melting temperature and the specific heat (capacity) of the PCMs materials.
In this work, we have incorporated the polyethylene glycol 6000 (PEG 6000) into a natural marl (clay) matrix, according to simple grinding and humid mixing techniques.
We didn't use any other artificial encapsulation. The aim is to exploit the energy storage of the polymer related to the endothermic transformations that occur in the neighborhood of the melting temperature, at approximately 60˚C.
Hence, at first, it is important to present the characteristics of the marl (clay) matrix used and the different microscopic or mesoscopic transformations that occur in the base material, according to the different elaboration parameters.
So, in order to define the clay material, it is essential to consider specific context or domain of work. For example, geologists define it as a dispersed granulated domain where the elementary particle has to be smaller than 2 µm [8] [9] . Weaver regroups all phyllosilicate minerals under a lager class, designated by "physils" without considering any size criteria [10] .
However, civil and geotechnical engineers are interested more by the macroscopic behavior expressed by the mechanical characteristics; such as the plasticity [11] , the elasticity and Young Modulus [12] , clay adsorption [13] [14] , etc.
The ceramists also have other interests; they classify these materials according to their allotropic transformations [15] [16] during the heat treatment, in order to optimize the ceramics production in industry.
A new tendency of the exploitation of this kind of materials, heat treated or not, wins more and more interests of construction industries, to replace classical building materials such as cement and concrete by the newest ones.
This interest is now boosted by the use of natural clay material which is abundant and considered as low-cost building material. But in another perspective, these materials could be concurrent to the classical construction materials [17] . The possibility of the consolidation of the clay with other ecological materials could affect greatly the mechanical and thermal properties of this latter. Now, if some industries are interested in the production of construction bricks [17] , we are here interested in the fabrication of the same bricks. Indeed, we want to develop a new kind of coating which could be applied on the building surface in order to act on the thermal inertia and the thermal capacity of the walls.
Thus, the aim of this work is to characterize the new micro-& nano-composite composed by clay matrix and PEG 6000 reinforcement. This characterization is made by XRD analysis, DSC technique for thermal characterization, and some microscopy according to the SEM and the TEM techniques.
Some empiric models will be calculated in order to estimate the behavior of the characterized properties according to the PEG 6000 percentages.
Material and Methods

Presentation of the Row Clay Matrix
The samples by which we are interested correspond to Miocene clay which outcrops in the eastern area of Fez (Figure 1 ) at the Ben Jallik quarry [18] .
The importance of the clay-based materials in the ceramic industry is due to their plastic properties allowing final ceramic products to retain their shapes after firing [18] .
The XRD analysis permits to determine the major crystalline elements present in the clay. Figure 2 presents the XRD peaks observed on the raw material. These peaks correspond to the Kaolinite, the Illite (mica), the quartz and Calcium Carbonate as major and apparent crystalline components.
According to [11] , the principal clay crystalline phases correspond to Kaolinite (K001 at 2θ = 12.3466˚) and Illite (I001 at 2θ = 8.7994˚) according to table 4 of the same ar- Figure 1 . Map of Fez-Taza region (Middle-North of Morocco) and the location of sampling expressed by the red star [18] . Figure 2 . Microscopic characterization of the row material [11] . (a) XRD spectrum of row clay material by SEM; (b) Visualizing the Kaolinite structure microscopy (30000×).
ticle. The other major components correspond to the quartz and to the calcite which are present at important percentages ( [11] and [19] ).
The corresponding peaks were designated according to the classical works of [8] [20] [21].
In [11] , we reported a SEM microscopy of the row material, where the detection of the Kaolinite structure was possible, presenting as a helical shape (Figure 2(b) ) and (Figure 3(a) ). Figure 3 (c) present the TEM microscopy we made in the same characterization.
Presentation of the Polyethylene Glycol 6000
The choice of the PEG 6000 was performed firstly because of it is considered as an ecological polymer [22] , secondly according to its hydrophilic property [23] [24] . Thus we will not need other chemical solvent to destroy the links existing between the monomers chains in order to increase the entropy of the system. Distilled (purified) water can ensure this role, and the ecological constraint will be respected as well.
Another reason to choose PEG 6000 is the testing of the effect of a nonionic polymer on the nanoclay intersheet spaces, such as the PEG 6000 molecules in solution. If the results are reasonable and sufficient, we can after adopt other polymers (or other PolyEthylene Oxides or Glycol) for the specific application.
The Polyethylene Oxide is a non-ionic hydro-soluble synthetic polymer [23] [25] . Its chemical structure is -(CH 2 -CH 2 -O-) n and it is the simplest hydro-soluble synthetic polymer that exists [23] . According to its molar mole, the polyethylene Oxide is desig- The PEGs have a high rate of crystalline phases and present interested hydro-dynamic and flocculation properties. So it could be a good initial candidate, because of the important entropy which has to be furnished to the system {clay, polymer, water} at the stage of the elaboration in aqueous milieu. Due also to its low viscosity [23] , the mutual friction between molecules will be low; we estimate so that it is our first preferred candidate to test the acceptance of the Polymer by the clay intersheet space.
According to these advantages, hydro-solubility, hydrodynamic, non-ionic (mechanical intercalation), lower viscosity, ecologic and biodegradable, low cost (50 $/Kg), etc., we tempt to elaborate low cost and ecological micro-composites and after nanocomposites dedicated for research and industrial uses.
Elaboration Methods
Starting from the objective of making new material by a lowest cost, we have adopted classical methods by some little modifications.
The first elaboration method, related to the production of the micro-composites, corresponds to a simple grinding and classical mixing in water solution, as described in previous articles [11] [26].
The second protocol by which we were able to produce the nano-composites is described in the article [26] . It corresponds to aqueous mixing of the material by a corresponding methodology.
We designate the resulting materials as nano-composites according to the results found by the DRX techniques and other Methylene blue protocol, which indicated that the saturation of the resulting clay by the Methylene Blue depends really on the percentages of the added polymer [11] [26].
The micro-composite, result of the grinding dry method, presents a saturation level (by Methylene Blue) of the clay as constant. So no modification of the nanostructure occurs for the micro-composites [11] .
For each protocol, we adopted a variable quantity of PEG 6000, starting from 0.1 g PEG 6000 per 6 g of clay to 0.6 g per 6 g of clay, with a constant step of 0.1 g per 6g of clay.
We are presenting in the next sections the results of the corresponding XRD analysis especially the intersheet distance evolution and the thermal capacity evolution according to the elaboration parameters (elaboration methods and polymer quantity).
Results and Discussion
XRD Results and the Intersheet Distance Modeling
Polynomial Modeling of the Intersheet Distance of the Minerals
According to the results found in [26] , it is the humid method (in aqueous milieu) that affects the intersheet distance (see Figure 4 below). Nevertheless, by the dry grinding method the intersheet distance remains constant.
The XRD analysis were performed using the X'Pert PRO PANalytical, operating at 45 kV and 40 mA using Cu-Kα monochromatic radiation (λ = 1.54 Å). . XRD spectra superposition related to the different PEG 6000 percentages [26] .
So in this paragraph we present the modeling of the intersheet distance of the two corresponding minerals, Kaolinite and Illite, according to the PEG 6000 percentages.
For that purpose, we recall that we made three measurements by each sample to ensure the repetitiveness of the results. The modeling uses the polynomial Lagrange interpolation.
In Figure 4 , we report the superposition of the different XRD spectra according to the adopted PEG percentages [26] .
At the first time, we adopted a fitting by 6 degrees polynomial (7 experimental points). This higher degree of freedom makes the polynomial vary intensively and the behavior model does not fit to the experimental evolution. Thus, we decrease the freedom of the fitted polynomial by using a 5 degree one.
The calculations were performed by modeling toolbox of Matlab Software. Figure 5 and Figure 6 ).
Knowing that the only polynomial that will not present modeling error is that one which has 6 degrees, so the polynomial adopted here, having 5 degrees, presents normally a corresponding modeling error. So we estimate the corresponding quadratic error using the formulation of the Equation (1): 
We observe that the values of the quadratic errors are negligible. So we validate the polynomial fitting related to the two minerals.
For the two minerals, Kaolinite and Illite, we observe that there is a critical polymer value related to the evolution of the intersheet distance. In this case, this value corresponds to (the neighborhood of) 0.4 g of PEG 6000/6g of clay. 
Thermodynamical Interpretation [26]
The intercalation of a polymer in the silicates was explained according to thermodynamics by [27] , according to which a nano-composite could be formed if the Gibbs enthalpy G , during the formation process is negative. The Gibbs enthalpy variation is In consequence, the Gibbs enthalpy determines whether the intercalation takes place or not. Hence, we can interpret the enthalpy by the existence of interactions between the polymer and the nanoclay sheets. 
Thermal Characterization
Thermal Analysis of the Row PEG 6000
Thermal capacity expresses the energy to be absorbed by a substance before the measurement of the first thermal macroscopic effect, corresponding to the increasing of the corresponding temperature by 1 degree.
It is a kind of threshold that permits to estimate the maximum thermal energy absorption of the materials; so greater the thermal capacity is, greater could be the storage of energy and lower is the evolution (increasing) of the temperature. Figure 7 presents the evolution of the specific (mass) power absorbed by the pure PEG 6000.
1) Estimation of the heat capacity and the melting temperature
Related to the behavior of the curve, the concavity of the curve, at the left side, shows that the melting point corresponds to the endothermic peak [28] .
This temperature is approximately 63.29˚C. The bibliography gives a very near value, in the neighborhood of 60˚C [23] .
For the specific heat capacity could be approximated by equation (3):
where:
( ) mW mg Q  is the specific thermal power measured by the experience;
(˚K/min) is the heat ratio, in this case equal to 30˚K/min The melting specific energy (enthalpy per mass unit) could be calculated by equation (2) But since the results are given in discrete form, we cannot calculate the entropy of the transformation directly; we have to estimate it according to Gauss integral, according to Equation (3):
where t ∆ is the discretization step of the time axle, equal to 1 s;
And i Q  is the thermal power measured by the equipment at each time step t ∆ in Figure 8 .
After calculation we estimate the melting entropy at:
mJ mg
H ∆ = (5')
2) Estimation of the glass transition
The previous curve, expressing the specific power of the PEG 6000, permits also to estimate the glass transition of this polymer.
For this purpose, it is an obligation to estimate the area (temperature intervals) which corresponds to the glass transition according to the tangents, calculated and plotted at Figure 9 (red and black lines).
Thus, the Tg temperature is estimated at 35.31˚C, related to a specific heat equal to 0.406 mW/mg. Figure 10 shows the DSC analysis of the natural clay used.
Thermal Analysis of the Clay Material
Concerning the values of the specific heat C p , we can see that it value is not constant.
So we decided to zoom on the temperature range by which we are interested for the use of the material; let's take the interval [30˚C, 60˚C]. Figure 11 presents a localization of the DSC curve on the temperature range adopted.
We see that the specific heat varies linearly according to the temperature. We model this variation by Equation (4), obtained by linear regression.
[ ] 30 C,60 C 0.017 1.86
With the linear correlation coefficient equal to R² = 0.9966. As a non-rigorous approximation, we can adopt an average value of the C p on this interval. After calculation we find:
It is a reasonable value according to [29] . Figure 10 shows also an endothermic peak; the maximum of power is denoted at the neighborhood of 140˚C.
According to [28] , this peak corresponds to the dehydration of the clay. The corresponding specific enthalpy is estimated at (red area of Figure 10 ): Figure 10 presents the plot of the "specific power VS temperature" curves related to the DSC analysis of the samples.
Thermal Analysis of the Composites Samples
1) Endothermic peaks evolution
According to the different samples, we observe that the appearance of the endothermic peak evolutes greatly according to the PEG 6000 addition: Figure 10 . DSC of the row material (marl). Figure 11 . DSC curve at the interval [30˚C, 60˚C].
-For example, for the superior green curve, related to an addition of 0.1 g of PEG 6000 per 6 g clay, the endothermic peak does not exist; the polymer does not affect the macroscopic thermal behavior of the composite. -For 0.2 g of PEG 6000, the endothermic peak appears for the first time in two different regions: the melting of the polymer occurs two times. It could be caused by a worse dispersion of the polymer into the clay matrix, or by a local melting at 54˚C, re-crystallization at 58˚C and another melting at 60.5˚C. This phenomenon could exist related to the low value of PEG 6000 which is very affected by the heating. Another supposition corresponds to the disintegration of the polymer at the second peak.
-Other values of PEG 6000 present also the same behavior, according to 0.4 g and 0.6 g of PEG 6000. -For 0.3 g and 0.6 g of polymer per 6 g of clay, unique endothermic peak appears clearly for each sample. Related to these results and from this qualitative analysis, it is important to quantify the difference between the materials from an energetic perspective.
The consumption of the power increases according to the polymer addition. This is due to the energy necessary for the melting of the polymer (kinetic energy of the polymer's molecules to move according to the degree of freedom of the particles).
In the next paragraph we estimate the specific (mass) heat necessary for the polymer melting into the clay matrix.
2) Melting enthalpy of the PEG 6000 within the materials
The blue circles of Figure 12 presents the evolution of the specific enthalpy consummated at the melting of the PEG 6000 into the clay matrices, estimating by the Gauss sum, according to Equation (5) .
We remark that the evolution of the specific enthalpy values (blue circles) could be approximated as linear or as exponential according to the polymer doping; that is why we decide to calculate the models, by regression technique and to adopt the best one according to the linear correlation coefficient R 2 . The linear model is given by Equation (9) and exponential model is given by Equation (10): Figure 12 . Evolution of the specific melting enthalpy of PEG 6000 within the clay matrix. 
This result is in great concordance with the mixture model which predicts linear variation of the enthalpy of a composite material (and liquid substances also), depending on the enthalpies of the constituted elements. In the same direction, the mixture model predicts also the linearity of the variation of the specific heat according to the variation of the proportion of each component.
Thus, the results found correspond totally with the mixture model.
3) Modeling the specific heat variation of the new composites
In Figure 13 , we observe that the heat exchanged by the composite samples do not stabilize on the expected temperatures interval of working of these materials; for this
This unstable variation corresponds so to the heat exchanged by the portion of the clay matrix, according to the behavior of the pure clay, reported on Figure 10 and Figure 11.
We report, in Table 1 , the variation of the specific heat ΔC p (mJ•mg 
Conclusions
As it is mentioned in the introduction, the main goal of our research is to develop new ecological and low cost materials for construction industry, bricks fabrication, natural insulation coating, etc.
To achieve this objective, we adopted local marl mixed by the PEG 6000.
The XRD analysis proved some microscopic evolution of the materials elaborated with humid mixing, instead those elaborated by dry grinding technique. We recall that the elaboration protocols are detailed in [11] [26] . But as a contradiction with our expectation, the most important changes of the thermal properties occur for the sample made by the grinding dry method, where the thermal behavior of the polymer (PEG 6000) appears clearly starting from a concentration of 0.2 mg PEG per 6 mg of clay.
For the samples elaborated by the humid mixing method, we denote very little changes: the materials remain approximately similar to the row clay. We do explain this result by the fact that the polymer chains have been intercalated into the nanoclay sheets and by the way, the effect of the heating on the PEG 6000 decreases according to this nanometric transformations. Now, since we are interested in the energy storage and/or restitution, we can see that the incorporation of the PEG 6000 (at a mesoscopic scale, by grinding method) allows absorbing significant thermal energy as melting enthalpy. Thus, we expect that the microscopic modifications will occur at higher temperatures.
This energy can be restituted after at the stage of crystallization of the polymer under 60˚C.
The results found prove that the incorporation of the PEG 6000 into clay bricks could work as Phase Changing Materials, but at microscopic scale.
The interesting think here is that the polymer is totally mixed by the clay, and we do not have to create macroscopic alveolus forms at bricks processing (cost minimization).
As perspective, it would be interested to make more thermal analyses in order to characterize the material at the cooling cycle and to understand more the step of re-crystallizatoin of the polymer within the natural clay matrix.
